of participants believed genetics cause obesity 'some' or 'a lot', compared to 82% for type 2 diabetes, 79% for heart disease and 75% for cancer. Participants who held genetic causal beliefs about obesity held more lifestyle causal beliefs in total than those who did not hold genetic causal beliefs about obesity (4.0 vs. 3.7 lifestyle causal beliefs, respectively, possible range 0-5, p = 0.025). There were few associations between causal beliefs and sociodemographic characteristics. Conclusions: Higher beliefs in genetic causation of obesity and related diseases are not automatically associated with decreased lifestyle beliefs. Future research efforts are needed to determine whether public health messages aimed at reducing obesity and its consequences in racially and ethnically diverse urban communities may benefit from incorporating an acknowledgement of the role of genetics in these conditions.
multiple environmental, lifestyle and genetic causes. Whilst the obesogenic environment clearly plays an important role in the current obesity epidemic, twin studies suggest that genetic factors explain 50-90% of the variance in body mass index [2, 3] . Recently, the first common gene variant to be associated with common forms of obesity risk was identified in the fat mass and obesityassociated (FTO) gene [4] . Roughly 1 in 6 people are homozygous for the FTO risk allele (i.e. have inherited 2 copies of the 'risky version' of the gene, one each from both of their parents), and these individuals have a 1.7-fold increased odds of obesity compared to those with no risk allele. The association has been shown to be robust in multiple populations [5] [6] [7] [8] [9] [10] . New genetic associations with obesity are rapidly being discovered [11, 12] .
As obesity genomics research gains momentum, it is important to assess how the public views the role of genetic causes in obesity. According to Leventhal et al.'s [13, 14] self-regulation framework, causal beliefs about health and illness are potentially important influences on people's lifestyle and health behavior choices. Specifically, self-regulation framework specifies a number of distinct cognitive attributes (i.e. beliefs and expectations) that are related to health behavior choices. Chief among these are causal beliefs. The importance of causal beliefs has been demonstrated in many areas; specifically in the area of genetic testing, previous research has suggested when a disease is believed to have a genetic cause, the perceived importance of lifestyles may be diminished [15] . Given the importance of healthy lifestyles in obesity prevention and treatment, assessing causal beliefs about this condition, as well as its health consequences such as type 2 diabetes, heart disease and some cancers [16, 17] , is imperative. Addressing this question will shed light on whether increasing dissemination of information about genomics may potentially have beneficial, harmful or neutral effects on important cognitive mediators of obesity-related behaviors.
Previous research examining causal beliefs relevant to obesity has primarily focused on diseases associated with obesity, such as type 2 diabetes [18] [19] [20] , heart disease [21] [22] [23] [24] and cancer [25] [26] [27] , rather than on obesity itself. To our knowledge, only a handful of recent studies have explored causal beliefs about obesity itself: 2 of these have been among obese patient/clinical populations in Europe [28, 29] , and 4 with nonclinical populations in the UK [30] , Australia [31] and the US [32, 33] .
The 4 studies that have examined obesity causal beliefs among nonclinical populations to date have tended to find that people hold stronger beliefs that lifestyles cause obesity rather than genetics. For example, among 3,534 US individuals who completed the 2007 Health Information National Trends Survey (HINTS), 19% of individuals believed that inheritance has 'a lot' to do with causing obesity, compared to 72% who indicated that lifestyle behaviors have 'a lot' to do with causing obesity [32] .
To our knowledge, no previous studies have explicitly tested the hypothesis that people who hold genetic causal beliefs are less likely than others to hold lifestyle causal beliefs about obesity. In the 2007 HINTS study, the belief that obesity is inherited was associated with lower reported levels of physical activity, and with lower reported levels of fruit and vegetable consumption [32] , providing at least cross-sectional evidence of genetic causal beliefs being associated with adverse lifestyle behaviors. Although both genetic and lifestyle causal beliefs were assessed in that study, the relationship between the 2 sets of beliefs was not reported.
It is particularly important to assess health-relevant beliefs among Hispanic and African American populations because these populations are often underrepresented in research on beliefs and attitudes regarding obesity, yet they are disproportionately affected by obesity and its consequences [1] . Only one previous study investigating causal beliefs about obesity has been conducted specifically with a sample of individuals representative of Hispanic and African American populations [33] : 30% of their participants were non-Hispanic Black and 35% were Hispanic, whilst only 27% were non-Hispanic White. Causal beliefs about a person's weight, as well as causal beliefs about heart disease and diabetes, were examined among 971 suburban adult participants recruited through community health centers in Suffolk County of Long Island in New York State: 38% of participants held strong genetic causal beliefs about body weight, and 68% held strong behavioral causal beliefs about body weight. Again, whether individuals who held genetic causal beliefs were more or less likely to hold lifestyle causal beliefs than others was not explored [33] . No differences regarding genetic causal beliefs about body weight were detected between racial/ethnic groups [33] .
The primary aims of the present study were therefore: (1) to examine genetic causal beliefs about obesity among a low-income, inner-city, racially and ethnically diverse population comprising primarily Hispanic and African American individuals; (2) to examine whether genetic beliefs varied by sociodemographic characteristics within this urban sample; and (3) to examine whether individuals in this community who held genetic causal beliefs about obesity were less likely than others to hold lifestyle 85 causal beliefs about obesity. Our secondary aims were to examine genetic and lifestyle causal beliefs about obesityrelated diseases (type 2 diabetes, heart disease and cancer) in the same population.
Methods

Study Design
This was a structured interview study conducted with patients attending an outpatient clinic serving East and Central Harlem in New York City. The study was reviewed and approved by the Mount Sinai School of Medicine IRB.
Participants, Recruitment and Procedure
Participants for this study were recruited from a primary care internal medicine practice at a medical center in New York City between June and September 2010. The practice accepts publically insured, privately insured and uninsured patients. The majority of patients at the clinic are African American or Hispanic; only 10% are White. Patients were eligible for this study if they spoke English and were 18 years of age or older. First, physicians in the clinic were contacted to notify them of the days recruitment would take place and to check whether there were any patients attending during that time who should not be approached. After their appointments, participating physicians then asked their potentially eligible patients whether they were interested in learning about a study on attitudes towards genetic research and genetic testing. If the patient was interested, a research assistant accompanied them to a private exam room in the clinic and gave the patient further information about the study. If the patient was still interested in participating, they gave informed consent and completed a screener followed by the main structured interview. If the patient did not have time, but was still interested in participating, they gave their name and number and were contacted at a later date to complete the questionnaire. Recruitment was conducted 3-4 days a week by 5 research assistants.
Measures
Interview items comprised closed-and open-ended questions which were either adapted from published instruments or developed for this study based on focus groups conducted by Project ENGAGE investigators in the same population [34] .
Sociodemographic Characteristics. Sociodemographic measures included age, gender, race/ethnicity, household income, and education level.
Health-Related Characteristics. Family history of disease was assessed with 4 questions ('Including those living and deceased were any of your close blood relatives ever told by a health professional that they had obesity [heart disease/type 2 diabetes/cancer]?'); each was followed by, 'If yes, how many relatives?'. Personal history of disease was assessed with 4 questions: 'Have you ever been told by a health professional that you have obesity [heart disease/type 2 diabetes/cancer]?. Self-reported weight status was assessed with the item: 'In your opinion, which of the following do you think best describes your weight?' (response options: 'underweight', 'normal weight', overweight', 'obese').
Genetic Causal Beliefs. Four items were used to assess participants' genetic causal beliefs about obesity and the 3 obesity-related diseases: 'How much do you think obesity [heart disease/type 2 diabetes/cancer] is inherited through a person's genes?' (response options: not at all/a little/some/a lot).
Lifestyle Causal Beliefs. Lifestyle causal beliefs about obesity and the 3 obesity-related diseases were assessed with the following sets of questions: (1) 'How much do you think that obesity [heart disease/type 2 diabetes/cancer] is caused by overeating ?'; (2) 'How much do you think that obesity [heart disease/type 2 diabetes/ cancer] is caused by eating certain types of food ?'; (3) 'How much do you think that obesity [heart disease/type 2 diabetes/cancer] is caused by chemicals in some foods ?' (we included this as a lifestyle factor because of the frequency with which it was mentioned in the Project ENGAGE focus groups used to develop the survey instrument [34] ); (4) 'How much do you think that obesity [heart disease/type 2 diabetes/cancer] is caused by not exercising ?'; and (5) 'How much do you think that obesity [heart disease/type 2 diabetes/cancer] is caused by smoking ?'. There were 4 response options for each item (not at all/a little/some/a lot).
Statistical Analysis
First, the data were described using means and standard deviations (continuous variables) and frequencies (categorical variables). For the main analyses, causal beliefs were dichotomized into yes ('some' and 'a lot') and no ('not at all' and 'a little') responses. Chi-squared ( 2 ) tests were used to examine associations between sociodemographic and health-related characteristics with obesity causal beliefs. The relationships between genetic causal belief about obesity and lifestyle causal beliefs about obesity were examined by comparing the mean number of lifestyle causal beliefs between individuals who did versus did not hold genetic causal beliefs about obesity using t-tests. We also explored these relationships using Pearson correlations. The analyses were then repeated for type 2 diabetes, heart disease and cancer. p values of less than 0.05 were considered significant. All statistical analyses were performed using IBM SPSS statistics 19.
Results
Sociodemographic and Health-Related Characteristics
Of 377 individuals who were approached about the study, 205 (54%) agreed to participate. Table 1 shows the sociodemographic and health-related characteristics of the participants. Nearly half (48%) were non-Hispanic Black, 29% were Hispanic and 10% were non-Hispanic White. This is broadly reflective of the population attending this clinic (pers. communication from a medical assistant in the clinic). Nearly half (49%) had an annual household income of ! USD 20,000, and only 18% had a Bachelors or advanced degree. Nearly two-thirds (62%) of participants reported that they were overweight or obese.
Genetic Causal Beliefs about Obesity
In our study, 69% of participants held genetic causal beliefs about obesity (33% and 36% believed genetics in- fluence obesity 'a lot' and 'some', respectively; table 2 ). There were no associations between genetic causal beliefs about obesity (dichotomized into 'a lot'/'some' vs. 'a little'/'not at all') and any sociodemographic or healthrelated characteristics ( table 3 ) . The mean genetic causal belief score for obesity was 2.91 (SD = 0.98, possible range = 1-4). Figure 1 shows that, when categorized as 'some'/'a lot', 94% of participants held not exercising causal beliefs, 95% held overeating causal beliefs, 90% held eating certain types of food causal beliefs, 70% held chemicals in food causal beliefs, and 41% held smoking causal beliefs about obesity, compared to the 69% who held genetic causal beliefs about obesity. There were few associations between lifestyle causal beliefs about obesity and any of the sociodemographic or health-related characteristics assessed. (online suppl. tables 1-5; for all online suppl. material, see www.karger.com/doi/10.1159/00343793).
Lifestyle Causal Beliefs about Obesity
Associations between Genetic and Lifestyle Causal Beliefs about Obesity
In total, the mean number of lifestyle causal beliefs about obesity (possible range = 0-5) held by participants who did versus did not hold genetic causal beliefs about obesity was 4.04 versus 3.68, respectively (p = 0.025, table 4 ). When the individual relationships were explored using Pearson correlations, participants who believed obesity is influenced by genetics were more likely than others to believe obesity is also caused by lack of exercise (r = 0.18, p = 0.011), chemicals in food (r = 0.017, p = 0.015) and smoking (r = 0.196, p = 0.005), but no more or less likely to hold overeating or eating certain types of food causal beliefs.
Genetic Causal Beliefs about Obesity-Related Diseases
Overall, 82% of participants held genetic causal beliefs about type 2 diabetes ( fig. 2 ), 79% about heart disease ( fig. 3 ) and 75% about cancer ( fig. 4 ) , when categorized as 'some/a lot.' table 3 shows that there were very few associations with participant sociodemographic or health-related characteristics. Figures 2 to 4 show the total proportions of participants who believed that each lifestyle influenced type 2 diabetes, heart disease and cancer, respectively, ('some'/'a lot' combined). As these figures show, participants generally held quite strong beliefs that lifestyles caused type 2 diabetes and heart disease, e.g. 77 and 74% believed that overeating causes type 2 diabetes and heart disease, respectively. In contrast, only 27% held overeating causal beliefs, 32% held not exercising causal beliefs and 37% held eating certain types of food causal beliefs for cancer; the only exception was smoking, which was endorsed by 95% of participants for cancer. (online suppl. tables 1-5 for associations with sociodemographic and health-related characteristics).
Lifestyle Causal Beliefs about Obesity-Related Diseases
Associations between Genetic and Lifestyle Causal Beliefs about Obesity-Related Diseases
Participants who believed type 2 diabetes is influenced by genetics were more likely than others to believe type 2 diabetes is caused by overeating (r = 0.214, p = 0.002), lack of exercise (r = 0.176, p = 0.012) and chemicals in food (r = 0.227, p = 0.001). As table 4 shows, the total mean number of lifestyle causal beliefs about type 2 diabetes held by participants who did versus did not hold genetic causal beliefs about type 2 diabetes was 3.69 versus 2.92 (p = 0.001). Th e data shown here is a response of yes ('a lot', 'some'). The other response was no ('a little', 'not at all'). * Family history of cancer: none (n = 86), one (n = 48), two or more (n = 69); heart disease: none (n = 78), one (n = 53), two or more (n = 69); type 2 diabetes: none (n = 70), one (n = 42), two or more (n = 91); obesity: none (n = 118), one (n = 31), two or more (n = 54). ** Personal history of cancer: yes (n = 12), no (n = 192); heart disease: yes (n = 38), no (n = 167); type 2 diabetes: yes (n = 68), no (n = 137); obesity: yes (n = 60), no (n = 145). Note: significant values are highlighted in bold font. There were no associations between genetic causal beliefs and any of the lifestyle causal beliefs about heart disease. The mean number of lifestyle causal beliefs about heart disease held by participants who did versus did not hold genetic causal beliefs about heart disease was 4.05 versus 3.70 (p = 0.082).
Participants who believed cancer is influenced by genetics were more likely than others to believe cancer is caused by overeating (r = 0.208, p = 0.003) and eating certain types of food (r = 0.194, p = 0.006). The mean number of lifestyle causal beliefs about cancer held by participants who did versus did not hold genetic causal beliefs about cancer was 2.73 versus 2.29 (p = 0.052).
Discussion
In this study of predominantly Hispanic and African American outpatients at an inner-city hospital clinic, nearly two-thirds of whom self-reported as being overweight or obese, we found that 1 in 3 participants believed that obesity is inherited 'a lot' through a person's genes. This is higher than reported levels in the national HINTS survey in which only 19% of respondents believed inheritance has 'a lot' to do with causing obesity [32] , but similar to the results of a recent study of racially diverse individuals recruited from suburban community health centers in eastern Long Island, in which 38% of participants held strong genetic causal beliefs about body weight [33] . One possible explanation for this is that in both our study and the Long Island study the genetic causal belief question wording explicitly referred to obesity being influenced by 'genes', whereas the HINTS study referred only to obesity being 'inherited', although why this might lead to higher endorsement is not clear and requires further exploration.
Our findings contribute to growing evidence that people believe that obesity has at least something of a genetic component. This is important because public health messages aimed at reducing obesity almost invariably emphasize the behavioral aspects of obesity (diet and exercise), whilst rarely mentioning genetic factors. However, models of health behavior such as Leventhal et al.'s [13, 14] self-regulation framework of health and illness, and models of persuasiveness, suggest that people are more likely to accept a persuasive health message if there is a 'fit' between the message and their pre-existing beliefs about disease (obesity) causation. Thus, our findings suggest that, for some people, public health messages may be more persuasive if the messages acknowledge the genetic components of obesity because at least some people may be more likely to attend to, accept and be persuaded by this type of message than messages which ignore this important aspect of body weight etiology.
Somewhat surprisingly, we found no associations between sociodemographic or health-related factors and genetic causal beliefs about obesity in the present study. In previous research, Wang and Coups [32] found that obese individuals were more likely to believe that obesity is inherited than nonobese individuals, and that gender was marginally associated with the belief that obesity is inherited, whilst age and education were not associated with the belief that obesity is inherited. Ashida et al. [33] found that older adults were more likely to hold genetic 91 causal beliefs about body weight than younger adults. Brogan and Hevey [28] and Hilbert et al. [29] assessed causal beliefs about obesity in obese patient populations in England and Germany, respectively. Brogan and Hevey [28] found that family history was not believed to be a significant cause of obesity; Hilbert et al. [29] found that women were more likely than men, and those with a family history were more likely than those without, to endorse genetic/biological causation of obesity. The lack of associations in our study may have been due to the relative homogeneity of our sample given that all individuals were recruited locally at a single site. Consistent with previous studies (e.g. [32] ), we found no association between causal beliefs and educational attainment. It would be interesting to investigate whether there are associations with specific aspects of education or understanding, e.g. with having a genetic or scientific background, having an increased understanding of genetics generally, or having an increased understanding of gene-environment interactions in obesity specifically.
We found that people who hold genetic causal beliefs about obesity were more, not less, likely to hold lifestyle causal beliefs about obesity; the pattern was similar for type 2 diabetes, and there were similar trends for cancer and heart disease. Although 2 previous studies have reported on the correlates and levels of genetic and lifestyle causal beliefs about obesity [32, 33] , to our knowledge, ours is the first to investigate the relationship between genetic and lifestyle causal beliefs about obesity. Previous studies have found mixed results when assessing the relationship between genetic and behavioral beliefs about other common conditions, particularly heart disease and cancer. One study found that participants who held stronger genetic beliefs about heart disease held weaker behavior causal beliefs [35] , while other studies found that participants held multifactorial causal models of heart disease [36, 37] . As in our present study, Sanderson et al. [38] recently found that participants who held genetic causal beliefs about heart disease and cancer were similarly more, not less, likely than others to hold lifestyle causal beliefs. Our findings build on this previous research focused on heart disease and cancer and extend it to obesity, supporting the notion that people do not hold 'either'/'or' beliefs about genetic and behavioral causality of obesity and related diseases. This is important because it suggests that increasing dissemination of information about the role of genetics in obesity may not have adverse effects in terms of diminishing people's beliefs in the role of lifestyles in obesity. However, this hypothesis is clearly based on cross-sectional data: future research is needed to test this hypothesis in studies in which participants are provided with genetic information about obesity, and the effects on genetic and lifestyle causal beliefs about obesity are examined longitudinally.
Limitations of this study include that this was a local population in a healthcare environment, the small sample size, and the nonprobabilistic sample and lack of sampling frame. The local nature of recruitment means that our findings may not be generalizable to the US population more broadly. Patients were informed that the study was about attitudes towards genetics research and genetic testing prior to deciding whether to participate in the study. This may have led to a biased sample of patients, given those who were less interested in genetics may have chosen not to participate. Participants were also initially informed about the study by participating physicians, and so these physicians may have influenced who was invited to participate in the study and who was not. The physicians were instructed to approach all potentially eligible patients within the given timeframe, but there may have still been some bias in whom they chose to inform about the study. There is no reason to suspect that these design considerations would affect the relationships between genetic and lifestyle causal beliefs observed within participants. However, they do emphasize that this study should be seen as exploratory. The findings need to be replicated in a larger, more representative survey of adults in the general population, e.g. individuals recruited through the HINTS survey.
Another limitation of this study was that, although we were influenced by Leventhal et al.'s [13, 14] self-regulation framework to frame our research questions, we did not use this or any other formal theoretical framework to select our measures and develop our questionnaire items. For example, it would be interesting to assess relationships between genetic and lifestyle causal beliefs to other disease perceptions, such as personal control and consequences. Given the multiple diseases assessed, we were limited in the number of constructs we could measure in this study, but it would be interesting to explore these additional theoretical constructs in future research. Another limitation was that we relied on self-reported weight status rather than actual body mass index based on measured height and weight.
The limitations need to be weighed against the strengths, which include that this is one of the first studies to examine genetic and lifestyle causal beliefs about obesity and related diseases among Hispanic and African American individuals. Given the preponderance of White non-Hispanic individuals represented in both genomics research and social and behavioral research on genomics issues, there is a need for more studies in this field to include these often underrepresented racial and ethnic populations. This study makes an important contribution to the literature by including perspectives of Hispanic and African American individuals on issues relevant to genomics and obesity. In addition, although Ashida et al. [33] examined beliefs about heart disease, diabetes and a person's weight, and whilst Sanderson et al. [38] examined beliefs about heart disease and cancer, our study is the first to have addressed causal beliefs about obesity, type 2 diabetes, heart disease, and cancer simultaneously within a single study.
Additional research is needed to test the hypotheses suggested by the cross-sectional results presented here. The findings need to be replicated in a larger, more representative sample of respondents. In addition, longitudinal research could test the hypothesis that acknowledging the role of genetics in obesity and related diseases will not diminish peoples' belief in the importance of lifestyles in these complex conditions. For example, individuals could be randomly assigned to be exposed to obesity prevention or treatment interventions which do or do not include acknowledgement of the role of genetics in obesity. The results from such studies could provide useful data on the potential impact of increasing dissemination of genetics in the role of obesity and related diseases, which could have implications for public health policy. Our findings tentatively suggest the hypothesis that, for some people, public health messages may be more persuasive if the messages acknowledge the genetic components of obesity because at least some people may be more likely to attend to, accept and be persuaded by this type of message than messages which ignore this important aspect of body weight etiology.
In conclusion, this study suggests that people do not hold 'either'/'or' notions of genetic and behavioral causality of obesity and related conditions, but rather hold more nuanced, complex mental models of these conditions. Importantly, we showed this in traditionally underrepresented racial and ethnic groups, specifically Hispanic and African Americans. Further research is needed to assess whether public health messages targeted at reducing obesity in these and other communities will indeed benefit from, or rather be hindered by, greater acknowledgement of the role of genetics in obesity and its health consequences.
